Introduction
Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations are authored by expert biologists, in collaboration with Reactome editorial staff and crossreferenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by systems biologists building predictive models of normal and disease variant pathways.
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European Molecular Biology Laboratory (EBI Industry program).
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Condensation of Prometaphase Chromosomes ↗ Stable identifier: R-HSA-2514853
Compartments: cytosol
The condensin I complex is evolutionarily conserved and consists of five subunits: two SMC (structural maintenance of chromosomes) family subunits, SMC2 and SMC4, and three non-SMC subunits, NCAPD2, NCAPH and NCAPG. The stoichiometry of the complex is 1:1:1:1:1 (Hirano and Mitchinson 1994 , Hirano et al. 1997 , Kimura et al. 2001 ). SMC2 and SMC4 subunits, shared between condensin I and condensin II, are DNA-dependent ATPases, and condensins are able to introduce positive supercoils into DNA in an ATP-dependent manner (Kimura and Hirano 1997) .
Protein levels of condensin subunits are constant during the cell cycle, however condensins are enriched on mitotic chromosomes. Four of the five subunits, SMC4, NCAPD2, NCAPG and NCAPH, are phosphorylated in both mitotic and interphase HeLa cells, but on different sites (Takemoto et al. 2004 ). CDK1
(CDC2) in complex with CCNB (cyclin B) phosphorylates NCAPD2, NCAPG and NCAPH in mitosis (Kimura et al. 1998 , Kimura et al. 2001 , Takemoto et al. 2006 , Murphy et al. 2008 ), but other mitotic kinases, such as PLK1 (St-Pierre et al. 2009 ), and other post-translational modifications, such as acetylation, may also be involved (reviewed by Bazile et al. 2010) . Global proteomic analysis of human cell lines has identified N6-acetylation of lysine residues in condensin subunits SMC2, SMC4 and NCAPH (Choudhary et al. 2009 ). Another high throughput proteomic study showed that condensin I subunits NCAPD2
and NCAPH are phosphorylated upon DNA damage, probably by ATM or ATR kinase (Matsuoka et al.
2007).
As condensin I is cytosolic, it gains access to chromosomes only after the nuclear envelope breakdown at the start of prometaphase (Ono et al. 2004) . Condensin I, activated by CDK1-mediated phosphorylation, promotes hypercondensation of chromosomes that were condensed in prophase through the action of condensin II (Hirota et al. 2004) . AURKB may also regulate association of condensin I complex with chro-matin (Lipp et al. 2007 ). Protein phosphatase PP2A acts independently of its catalytic activity to target condensin II complex to chromatin, but does not interact with condensin I (Takemoto et al. 2009 and NCAPH in mitosis (Kimura et al. 2001 , Takemoto et al. 2006 , but other mitotic kinases may also be involved. CDK1 phosphorylation sites in NCAPH have not been established. NCAPD2 threonine residues T1339, T1384 and T1389 are inferred to be phosphorylated by CDK1 based on homologues sites in Xenopus laevis Ncapd2 (Kimura et al. 1998) . NCAPG threonine residues T308 and T332 are phosphorylated by CDK1 in vitro and functionally important. The functional importance of threonine T931, also phosphorylated by CDK1 in vitro, has not been demonstrated (Murphy et al. 2008) . Phosphorylation by CDK1 is required for mitotic activation of condensin I and promotes chromosomal binding, introduction of positive supercoils into DNA, and chromatin condensation (Kimura et al. 1998 , Kimura et al. 2001 , Takemoto et al. 2006 ).
Preceded by: Dephosphorylation of CK2-modified condensin I
Followed by: Phosphorylated condensin I promotes condensation of prometaphase chromosomes Literature references Kimura, K., Cuvier, O., Hirano, T. (2001) . Chromosome condensation by a human condensin complex in Xenopus egg extracts. J. Biol. Chem., 276, 5417-20. ↗ Takemoto, A., Kimura, K., Yanagisawa, J., Yokoyama, S., Hanaoka, F. (2006) . Negative regulation of condensin I by CK2-mediated phosphorylation. EMBO J., 25, 5339-48. ↗ Kimura, K., Hirano, M., Kobayashi, R., Hirano, T. (1998 Abe et al. 2011) , is nuclear, condensin I is cytosolic and gains access to chromosomes only after the nuclear envelope breakdown at the start of prometaphase (Ono et al. 2004) . Condensin I, activated by CDK1 phosphorylation (Kimura et al. 1998 , Kimura et al. 2001 , Takemoto et al. 2006 , Murphy et al. 2008 , promotes further condensation of chromosomes in prometaphase and metaphase, visible as longitudinal chromosome shortening (Hirota et al. 2004) . Besides CDK1-mediated phosphorylation, association of condensin I with chromosomes may be regulated by AURKB (Lipp et al. 2007 ). In budding yeast, condensin phosphorylation by Cdc2 (CDK1 ortholog) is followed by Cdc5-mediated phosphorylation (Cdc5 is PLK1 ortholog), which is important for the sustained mitotic activity of condensin complex (St-Pierre et al. 2009 ). Phosphorylation by PLK1 is also important for the activation of human condensin II complex (Abe et al. 2011 ).
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